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LANDSCAPES, WATER QUALITY 
AND AQUATIC ASSEMBLAGES
NELS H. TROELSTRUP, JR.
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WATER USES LINKED TO BIOLOGY
▪ Domestic Water Supply 
▪ Fisheries (multiple use classes) 
▪ Immersion & Limited Contact Recreation
▪ FW Propagation, Recreation & Stock Watering
▪ Irrigation
WHAT’S THE PROBLEM?
▪ 46% of U.S. streams and rivers are in poor biological 
condition (U.S. EPA 2016)
• Direction ↓
▪ 49% of plains streams and rivers are in poor biological 
condition (U.S. EPA 2016)
• Direction ↓
▪ 57% of South Dakota streams and rivers fail to support 
fishery/aquatic life uses (SD DENR 2016)
PROGRAM OBJECTIVES
▪ Improve understanding of occurrence and distribution of 
aquatic species
▪ Define regional assemblage characteristics
▪ Develop monitoring tools allowing biological change 
detection
▪ Evaluate relationships to local and regional drivers – a 
peak to the future
Biological Metrics
(EPT richness, family richness, non-
insect richness, HBI, Trichoptera
richness, percent insect, percent 
climbers)
Biotic 
Integrity
Riparian Features
(Cultivation, development, and 
herbaceous cover within 30m of the 
stream)
Watershed Features
(Barren land cover, human use, 
nitrogen loading, pasture/hay land 
cover, percent impervious surfaces, 
stream crossing density, total 
herbaceous land cover, watershed 
condition score)
Regions
(Level III ecoregion, level IV 
ecoregion, river basin)
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Bed Substrates
(Percent clay, sand, fines, gravel, large 
substrates)
Channel
Characteristics
(Number of pools/runs, length of 
riffles, discharge, width to depth ratio, 
length of bank vegetated, total canopy 
cover, large woody debris)
Water Chemistry
(Turbidity, total alkalinity, specific 
conductance, sodium adsorption 
ratio, pH, total phosphorus, total 
Kjeldahl nitrogen, dissolved oxygen)
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CONCEPTUAL
FIRST STEPS: WHAT DO WE HAVE?
STATE INVERTEBRATE COLLECTION
▪SPECIFY Database and Physical Collection
• 40,422 specimens
• 909 sampling locations
• All georeferenced
7 Phyla
▪15 Classes
▪41 Orders
▪155 Families
▪542 Genera
▪679 Species
• Cloud-based version coming!
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VOUCHER DISTRIBUTION IN SD
Vouchers have been submitted from 909 sampling locations distributed 
throughout much of  the state.  At present, few vouchers have been submitted 
from the Missouri River corridor. 
UNDERREPRESENTED GROUPS
Ongoing efforts include the first ever 
statewide survey for freshwater mussels in 
South Dakota wadable streams and a 
separate survey of  freshwater mussels 
inhabiting eastern South Dakota lakes.
- Fish host distribution
- Age/growth relationship to lake TSI
THE IBI TOOLKIT
▪ An IBI is an Index of Biotic Integrity
▪ Use of assemblage characteristics to evaluate 
biological integrity
• Species Composition
• Guild Structure
• Diversity
• Tolerance to Habitat Changes
▪ Each site is graded based upon the biology, scored 
from 0 to 100
▪ Graded against minimally disturbed regionally
THE PATH TO IBI DEVELOPMENT
Investigators Study
Larson and Troelstrup (2001)
Lorenzen, Gronke, Troelstrup (2005)
Rust and Troelstrup (2006)
Vander Vorste and Troelstrup (2010)
Kopp and Troelstrup (2011)
Kafle, Krause, Bertrand, Troelstrup (2013)
Kuehl, Kaiser, Suehring, Bertrand, Troelstrup (2017)
Bachelor Creek
Lake Thompson Watershed
NPS I&M Aquatic Baseline
NGP Intermittent Streams
Lower Cheyenne River
NGP Perennial Streams
NWGP Perennial Streams
These projects were all funded by the South Dakota Agriculture Experiment Station, South 
Dakota Department of Environment and Natural Resources and the United States 
Environmental Protection Agency.
Kuehl (2017)
Invertebrate IBI scores successfully differentiate between 
sites at the lower end of the distribution with respect to 
water quality and habitat versus those at the upper end of 
the distribution in both ecoregions.
Kuehl (2017)
NWGP NGP
Invertebrate IBI scores generally higher from the NGP, LIV ecoregions vary.
Kuehl (2017)
Assessing Watershed Condition
US EPA (2004)
Metric
PC1 Human Use
35.6% Pasture/Hay
Stream/Road X Density
PC2 Herbaceous Riparian (30m)
13.7% Forest
Barren Slope (>9°)
PC3 Barren
12.3% Shrubland
Impervious Surface
PC4 Developed Riparian (30m)
8.8% Shrubland Riparian (30m)
Suehring (2017)Watersheds are also scored relative to minimally disturbed.
Biological Metrics
(EPT richness, family richness, non-
insect richness, HBI, Trichoptera
richness, percent insect, percent 
climbers)
Biotic 
Integrity
Riparian Features
(Cultivation, development, and 
herbaceous cover within 30m of the 
stream)
Watershed Features
(Barren land cover, human use, 
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ecoregion, river basin)
D
ist
al 
D
riv
er
s
Bed Substrates
(Percent clay, sand, fines, gravel, large 
substrates)
Channel
Characteristics
(Number of pools/runs, length of 
riffles, discharge, width to depth ratio, 
length of bank vegetated, total canopy 
cover, large woody debris)
Water Chemistry
(Turbidity, total alkalinity, specific 
conductance, sodium adsorption 
ratio, pH, total phosphorus, total 
Kjeldahl nitrogen, dissolved oxygen)
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LIV Ecoregion
River Basin
N Loading
Herbaceous Cover
SAR
Conductance
% Large Substrates
Riffle Length
Dissolved Oxygen
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Image concept: US EPA 2012; Cadmus Group 2014
FUTURE DIRECTIONS
▪ Conversion of our biological database to an on-line resource –
enhanced access
▪ Evaluation of limiting factors influencing mussel distribution
▪ An IBI for Black Hills streams
▪ Quantifying variation in IBI values among different water years
▪ Application of IBI data to evaluate BMP implementation success
▪ Evaluation of BMP implementation success relative to 
forecasted changes in land use development
